Investigation of Thermoelectric Warm Air Heater  by Meng, Fangfang et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
doi: 10.1016/j.egypro.2015.07.470 
 Energy Procedia  75 ( 2015 )  621 – 626 
ScienceDirect
The 7th International Conference on Applied Energy – ICAE2015 
Investigation of thermoelectric warm air heater 
Fangfang Menga, Ling Zhanga,b*, Jianliang LicˈCan Lib, Lie Xiea,b, Yongqiang 
Luoa, Zhongbing Liua,b  
aCollege of Civil Engineering, Hunan University, Changsha 410082, PR China 
bCollaborative Innovation Center Building Energy Conservation & Environmental Control, Hunan 412007, PR China 
cLogistics Department, National University of Defense Technology, Changsha 410073, PR China 
Abstract 
A novel thermoelectric warm air heater integrated thermoelectric with heat pipe exchanger. The operating voltage, 
indoor temperature and supply air temperature were simulated. The mathematical model of the warm air heater was 
founded to investigate the performance of the thermoelectric warm air heater. The simulation results showed that the 
optimum voltage of the device ranges from 6V to 8V. The hot and cold side thermal resistances of the heat pipe 
exchanger have a greater influence on heating performance than supply temperature. Recycling exhausted heat 
indirectly decreased the temperature difference of the hot side and cold side. The coefficient of performance can 
reach as high as 2.6 which is more energy-efficient than electric heating. 
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1. Introduction 
With the development of society and the improvement of living standard, people need a more 
comfortable environment in bathroom in cold winter. Currently, the market is full of various bathroom-
masters. Recently, tragedies caused by the explosion of bathroom-masters continuously threaten people’s 
life. Blower in bathroom isn’t safe enough. Furthermore, both bathroom-master and blower adopt electric 
heating, whose coefficient of performance is only 0.9. 
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Thermoelectric devices is characterized of no refrigeration, no moving parts, compact size, noise free, 
high reliability and need substantially less maintenance when it’s in operation (Riffat et al. [1] and Rowe 
D. [2] ). Thermoelectric were used to heat water by Liu et al. [3, 4]. They proved that thermoelectric is 
more energy saving than conventional electric water heaters. Han et al. [5] found that the thermoelectric 
ventilator can provide sufficient energy for fresh air handling and heat recovery from exhaust air. Liu et al. 
introduced a thermoelectric vehicle air conditioner for building energy conservation. David [6] introduced 
an optimizing method for improving thermoelectric performance and showed that it is possible to 
optimize the device by minimization of the entropy generation in the device. Xiao et al. [7] proved that 
thermoelectric system by recycling heat of shower wastewater is both energy-saving and environmental. 
Liu et al. proposed a solar thermoelectric cooled ceiling combined with displacement ventilation system 
and proved the COP of the system can reaches 1.9 in heating mode [8]. 
Thermoelectric modules produce heat and cold at the same time while remain COP of thermoelectric 
higher than 1 in heating mode. This research proposed a novel thermoelectric warm air heater which is 
simple structure and can recycle exhausted heating. A simulation model has established to simulate the 
impact of operating voltage, indoor temperature, supply air temperature and thermal resistance of heat 
pipe exchanger on the performance of warm air heater. 
 
2. Prototype 
The heat pump prototype consists of 33 thermoelectric modules produced by Ferrotec Corporation, 
whose type is TEC1-12706. Its maximum operating voltage and maximum operating current are 15.4V, 
6A, respectively. All modules are divided into three groups, shown in Fig 1. Each group is made up of 11 
modules. The input power of the fan is 21W, whose specified air flow rate is 128m3/h. As is shown in Fig 
2, the thermoelectric warm air heater is installed in ceiling of the bathroom. 
 
Fig.1. Schematic diagram of the warm air heater 
  
Fig.2. Schematic diagram of the warm air 
heater installation 
The principle of the thermoelectric warm air heater operates as follows: the thermoelectric is driven by 
direct current, then, all junctions on one side heat and those on the other side cool quickly. Return air 
flowing through the hot-side heat exchanger is heated. The heated air is sent to bathroom by fan. At the 
same time the heat of a small part of indoor exhaust air is absorbed by cold-side heat exchanger. 
 
3. Simulation model 
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As Kim et al. [9] given, based on energy balance and the basis theory of thermoelectric cooling 
(heating), the heat absorbed and released for a thermoelectric can be given by: 
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where I is the electrical current, Tc and Th are the individual cold and hot junction temperatures of the 
thermoelectric, α is the Seebeck coefficient, R is the electric resistance, and K is the thermal conductance 
of the thermoelectric, Th-Tc is the temperature difference of the hot and cold sides, n is the number of 
thermoelectric module. 
The operating voltage can be expressed as: 
-h cU IR T TD ˄  ˅                                                                                                                           (3) 
The electrical energy consumption of the couple is given by: 
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From the heat balance of the thermoelectric system, Qh is the heat flow through the hot-side heat 
exchanger and Qc is also the heat flow through the cold-side heat exchanger. So the energy balance 
equation can be given by: 
'= +h h h hT T Q R                                                                                                                                      (5) 
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where Thc is design temperature of the heated object, Tcc is design temperature of the cooled object, Rh 
is the thermal resistance of the hot-side heat exchanger, Rc is the thermal resistance of the cold-side heat 
exchanger. 
The COP of the thermoelectric module for heating is given by: 
fP
hQCOP
P
                                                                                                                                       (7) 
where Pf is the fan power.  
The equations given by Liu et al. [10] for calculating intrinsic parameters of thermoelectric module are 
convenient:             
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The computer program was structured following the procedure below: 
(1) Input parameters for calculation, including indoor temperature Ta supply air, temperature Ts, current 
of thermocouples INEW, the number of thermocouple N, the number of thermoelectric n, the thermal 
resistance of the hot-side heat exchanger Rh, the thermal resistance of the cold-side heat exchanger Rc, 
operating voltage U. 
(2) Assume Tcc =Ta, Tc = Tcc -2, Thc =˄Ta + Ts˅/2, Th= Thc -2. 
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(3) Calculate the total Seebeck coefficient α, the total electric resistance R, and is the total thermal 
conductance of the thermoelectric K by Eq.8- Eq.10. 
(4) Calculate Qh, Qc by Eq.1 and Eq.2. 
(5) Calculate Th*, Tc* by Eq.5 and Eq.6. 
(6) Check whether |Th*-Th|≤0.015, |Tc*-Tc|≤0.015 or not, if right, continue (7), if not, return (3). 
(7) Calculate P, Qh, COP by Eq.3, Eq.4, and Eq.7. 
(8) Output Qh, COP. 
 
4. Results and discussions 
In order to evaluate the performance of the system, a model has established to simulate the impact of 
operating voltage, indoor temperature, supply air temperature and thermal resistance of heat pipe on 
warm air heater. 
Fig 3 shows the relationship between operating voltage and coefficient of performance or heat capacity 
at various indoor temperature, when supply air temperature is 38ć and thermal resistances Rh and Rc are 
both set to 0.02 [KЬW-1]. From Fig 4(a) we can see that COP increases firstly, and then decreases with 
increasing of indoor temperature. It clearly shows that for a given indoor temperature, a maximal COP 
exists. High operating voltage will make the systematic COP less susceptible to the changing indoor 
temperature. As is shown in Fig 4(b), heat capacity increases with the increase of indoor temperature. 
Considering the coefficient of performance and heating capacity, that operating voltage is from 6V to 8V 
is reasonable. Under these circumstances, heating capacity is from 1000W to 1700W and COP is within 
the scope of 2 and 2.5, which not only meets heating need but also keeping a relative high coefficient of 
performance. This is more energy-efficient than electric heating. 
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Fig.3. Effect of operating voltage on coefficient of performance and heat capacity at various ambient temperature (Ts=38Ԩ, 
Rh=Rc=0.02 K•W-1) 
When operating voltage is 7V and thermal resistances Rh and Rc are both set to 0.02 [K•W-1] the 
relationship between indoor temperature and coefficient of performance at various supply air temperature, 
as is shown in Fig 4. From this Fig we can see that COP increases with increasing of indoor temperature.  
The coefficient of performance can reach as high as 2.6, when supply air temperature is 36ć. If supply 
air temperature is turned down by 2Ԩ, COP increases 0.03. So, supply air temperature is little 
significance for COP in some extent. 
Fig 5 displays the effect of indoor temperature on coefficient of performance at different hot and cold 
sides of the heat pipe exchanger resistance, when operating voltage is 7V and supply is the same value of 
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38ć. It can be seen that COP increases with increasing of indoor temperature. The value of thermal 
resistance plays an important role in improving COP. If the heat pipe exchanger resistance differs 5 times, 
COP differs 0.4. It can be seen that a significant improvement in the COP of thermoelectric may be 
obtained by improving the effectiveness of its heat exchangers. 
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Fig.4. Effect of indoor temperature on coefficient of 
performance at various supply temperature (U=7V, Rh=0.02 
K·W-1, Rc=0.02 K·W-1) 
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Fig.5. Effect of indoor temperature on coefficient of 
performance at hot and cold sides of the heat pipe exchanger 
resistance (U=7V, Ts=38ć) 
 
5. Conclusions 
Based on thermoelectric modules with a direct current producing cooling and heating at the same time 
as well as more effective, in this paper, a novel thermoelectric warm air heater was proposed. Simulation 
results are obtained as follows: 
(1) Considering the coefficient of performance and heating capacity, the thermoelectric warm air 
heater is at optimum operating conditions when the operating voltage is from 6V to 8V. 
(2) Supply air temperature is of little significance to COP. It is noted that optimizing other 
parameter such as system thermal resistances can achieve a significant improvement in the COP 
of thermoelectric. 
(3) With the increasing of indoor temperature, the temperature difference of the cold and hot side 
decreases. And recycling exhausted heat can contribute to heating performance improvement. 
The coefficient of performance can reach as high as 2.6. In comparison with electrical heating 
devices, a thermoelectric is more efficient for its heating. 
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